made with the chemicals, equipment, and appreciation of process conditions, have now enabled rigid polyurethane foams to become sufficiently attractive economically and technically for them to find applications in the following industries: agriculture, aircraft, automobile, boat-building, building, caravan, coal mining, food-container, furniture, insulated transport (road and rail), packaging, paper, plastics, railway, refrigerator, shipping, shoe, and thermal insulation. Extensive prototype testing has been completed in most of these industries and a rapid upsurge in demand for polyurethane foams occurred in 1968 and continues to increase in 1969 to an extent that world capacity for the basic chemicals (polyols and MDI) is strained.
In the early 1960s the market for rigid foams in the UK was a few hundred tons and it would be about 1963 when the market crossed the 1,000 ton level. Usage in 1968 increased by 60-70% over 1967 and there is every sign that this rate of increase will apply in 1969 so that the UK market should soon be about 10,000 tons. The primary isocyanates used in industry are polyreactive and may be characterized as R-(NCO)n, but for most practical purposes the functionality (n) is 2. They have very high reactivity and this property has enabled them to be used both in existing fields and in the establishment of completely new industries. All these isocyanates are made by reaction of the corresponding primary amines with phosgene. Many methods have been described, usually consisting of initial reaction at 25-100°C, followed by further phosgenation at 150-160°C.
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The primary isocyanates most commonly encountered in industry are few, since the production of any diisocyanate is a major industrial enterprise. The four most important ones are: Tolylene diisocyanate (TDI), diphenylmethane diisocyanate (MDI), naphthylene diisocyanate (NDI) and hexamethylene diisocyanate (HDI).
Reactions of Isocyanates
The reactions of isocyanates most applicable to their industrial use can be put into two main classes. These are:
(1) Reaction with compounds containing reactive hydrogen atoms to give addition products. In the organic chemicals field the most common examples are those in which the hydrogen atom is attached to oxygen, nitrogen or sulphur. In all cases addition occurs with the migration of the active hydrogen atom to the nitrogen of the isocyanate. Thus:
(a) Compounds containing hydroxylic groups readily form urethanes: R-NCO+R'OH--RNHCOOR' (urethane). (b) If water is used, the first product is an unstable carbamic acid which readily loses carbon dioxide to give a primary amine. Since the latter also contains reactive hydrogen atoms, further reaction occurs with the formation of a urea: R-NCO +H2O-+RNH.COOH--R.NH2 +CO2 R-NH2+RNCO-*RHN.CO.NHR (c) With carboxylic acids the final product is an amide, carbon dioxide again being evolved from the initial addition product: All the products still contain active hydrogen atoms and further addition can occur, allophanates being formed from urethanes and biurets from ureas.
(2) Polymerization, which may be termed selfaddition. Examples of this reaction are trimerization to give isocyanurates and dimerization to uretidione (Fig 1) .
The isocyanurates are exceptionally stable and the reaction is used to make isocyanates of higher molecular weight and functionality for specialized applications. 10 The primary addition reactions occur remarkably readily, the rate of reaction depending on the type of isocyanate and the compound containing the active hydrogen atom. Thus, aromatic isocyanates such as TDI and MDI are markedly more reactive than aliphatic isocyanates such as HDI, whilst the range of hydrogen atom reactivity varies widely. The stability of the final products also varies, urethanes derived from phenol being thermolabile.
Catalysts, chiefly basic in character, may also be used to promote reaction. They are particularly effective where two or more addition reactions are being carried out simultaneously.
Modified Isocyanates
The volatility of the primary isocyanates such as TDI and HDI precludes their use in non-factory applications. This difficulty is overcome in practice by polymerization to give isocyanurates or combination with polyols so that an isocyanate of much higher molecular weight is obtained. Small quantities of the primary isocyanate may remain, and the hazard in use is therefore governed by the amount remaining. These problems are of particular importance in the surface coatings industry. 
Isocyanates in Industry: Environmental Control
The purpose of this paper is to consider the problems associated with the use and industrial application of isocyanates from the standpoint of the manufacturer, who has the responsibility of ensuring the protection of his work force from the toxic hazards involved, and also of the industrial medical officer. Responsible employers readily accept the moral and legal responsibilities with which they may be confronted, and generally welcome such advice and assistance as they may be able to secure from those whose research has been concentrated in their field. Nevertheless, it should be understood that in the final analysis it is the employer who has to take the decisions and determine what shall be done.
Toxicity and Code ofPractice
The toxic hazards of isocyanates have already been very fully reported and are sufficiently well understood by the great majority of users. There are, of course, those who are prepared to suggest that the best way of dealing with such hazards is quite simply to avoid all use of the toxic materials, and this is certainly to be recommended to any manufacturer not prepared to take very seriously the consequences of'a'decision to continue using them in large-scale production. As a group of compounds, however, the isocyanates have opened the way to so many and to such important technological developments that this approach can scarcely be regarded as realistic. What is needed is a full understanding and appreciation of the risks involved and a code of working practice to achieve satisfactory environmental control. This code of practice will need tb cover a number of different aspects of the situation in the light of current knowledge, and will be much concerned with the problem of finding a satisfactory method of monitoring both the atmospheric environment for the presence of isocyanates, and the population working within that environment.
Tolylene Diisocyanate Although a considerable range of diisocyanates is now commercially available, and has varied and valuable industrial applications, there is little doubt that the most important, both commercially and toxicologically, is tolylene diisocyanate (TDI) .
TDI is today used on a very large scale in the manufacture of flexible foams. In this process the isocyanate is reacted with a polyhydroxyl resin in a highly exothermic reaction controlled by the addition of appropriate catalysts. As a result of the exotherm, significant quantities of TDI vapour may appear in the atmosphere, and in concentrations substantially above the present threshold limit value (TLV) of 002 ppm.
Both acute and chronic changes have been reported in the respiratory function of workers exposed to TDI (Brugsch & Elkins 1963 , Fuchs & Valade 1951 , Gandevia 1963 , Munn 1965 , Williamson 1965 , Zapp 1957 and although some of these may well be attributable to the direct irritant action of TDI, there is little doubt that a proportion of workers develop a hypersensitivity which is capable of giving rise to symptoms at very low levels of exposure, almost certainly below the present TLV.
Investigations of the chronic and long-term effects of isocyanate exposure have thus far been concentrated on the study of respiratory function amongst exposed workers (Peters et al. 1968 ), and Peters' observations have led him to suggest that the present TLV is possibly fixed at too high a level. However, one of the major obstacles to an investigation of this type has been the absence
